Comparison of the binding of Na+ and Ca2+ to bovine alpha-lactalbumin.
alpha-Lactalbumin is a metal-binding protein which binds Ca2+- and Na+-ions competitively to one specific site, giving rise to a large conformational change of the protein. For this reason, the enthalpy change of binding Ca2+ to apo-alpha-lactalbumin (delta Ho) is strongly dependent on the concentration of Na+ ions in the medium. From that relationship a molar enthalpy of -145 +/- 3 kJ X mol-1 is calculated for the Ca2+-binding at pH 7.4 and 25 degrees C, while a delta Ho of -5 +/- 3 kJ X mol-1 is found to substitute a complexed Na+ by a Ca2+-ion. These measurements also allowed us to calculate a binding constant for Na+ of 195 +/- 18 M-1. The molar enthalpy of Na+-loading was found to be -142 +/- 3 kJ X mol-1, a value very close to delta Ho of the binding of Ca2+ to alpha-lactalbumin. Both enthalpy changes in binding Ca2+ and Na+ are independent of the protein concentration. These exothermic values are in agreement with the hypothesis that both Na+- and Ca2+-ions are able to induce the same conformational change in alpha-lactalbumin upon which hydrophobic regions are removed from the solvent, yielding a less hydrophobic protein. The latter is confirmed by means of affinity measurements of the hydrophobic fluorescent probe 4,4'-bis[1-(phenylamino)-8-naphthalene sulphonate](bis-ANS) to alpha-lactalbumin. The association constant (Ka) decreased from (6.6 +/- 0.5) X 10(4) M-1 in the absence of NaCl to (2.7 +/- 0.2) X 10(4) M-1 in 75 mM NaCl, while the maximum intensity (Imax) of the binary bis-ANS-alpha-lactalbumin complex remained constant at 0.44 +/- 0.02 (arbitrary units). The Ka value of bis-ANS for Ca2+-alpha-lactalbumin was determined at (1.7 +/- 0.2) X 10(4) M-1 and Imax was 0.43 +/- 0.02 (arbitrary units). The difference in hydrophobicity between the two conformational states of the protein was further demonstrated by adsorption experiments of both conformers to phenyl-Sepharose. Apo-alpha-lactalbumin, hydrophobically bound to phenyl-Sepharose, can be eluted by adding Ca2- or Na+-solutions.